Some individuals seek to enhance their cognitive capabilities through the use of pharmacology. Such behavior entails potential health risks and raises ethical concerns. The aim of this study was to examine whether a precursor of behavior, ethical judgement towards the use of existing biological cognitive enhancers (e.g., coffee, legal and illegal drugs), is shaped by the perceived characteristics of these cognitive enhancers. Students and employees completed an online questionnaire which measured perceived characteristics of 15 substances presented as potential cognitive enhancers and a measure of ethical judgement towards these cognitive enhancers. Results of mixed model regression analyzes show that ethical judgement is more favourable when cognitive enhancers are perceived as being legal, familiar, efficient, and safe for users' health, supporting all hypotheses. Results further show that 36% of variance (in the null model) lies at the level of cognitive enhancers and 21% at the level of participants. In conclusion, cognitive enhancers vary widely in terms of ethical judgement, which is explained by the perception of the mentioned characteristics. Implications regarding prevention and policy-making are discussed.
Introduction
Cognitive enhancement (CE) refers to the use of technology to improve cognitive characteristics (e.g., memory, attention) and thereby human performance [1] . As for technological innovation in general, CE is often faced with skepticism [2] , but also has a non-negligible fraction of supporters among the public [3] and in the media industry [4] . Determinants of ethical support towards CE remain to be better understood. The present study examines whether ethical judgement towards the use of existing biological cognitive enhancers (edible or drinkable substances, notably) is related to their perceived characteristics.
Ethical judgement
Ethical judgement refers to normative aspects of attitudes in terms of "ought be done" or "ought not be done" on moral grounds [5] . Ethical aspects of CE were discussed for more than PLOS ONE | https://doi.org/10.1371/journal.pone.0213619 March 14, 2019 1 / 10 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 a decade in the literature (e.g., [6] ). Experts in the field identified a number of ethical concerns related to CE, such as attested risks to health safety [6, 7] , the risk that individuals might be coerced into using CE [6] [7] [8] [9] [10] [11] , the difficulty regulating the use of CE [6] , the reduced authenticity of performance obtained using CE [6] [7] [8] , which is related to an alleged unfair advantage that CE provides to its users in comparison to non-user [8] -a nuanced perspective on the relevance of the unfairness argument is provided by [12] . Finally, unequal access to CE might further inequality in outcomes [7] . The public shares these concerns [10] . Yet, the characteristics that affect ethical judgement regarding the use of individual cognitive enhancers (e.g., caffeine vs cocaine) remain largely unidentified. Clarifying the factors which affect ethical judgement towards cognitive enhancers is important because of the impact such judgements can have on the actions of individuals [5, 13, 14] , including on the consumption of different cognitive enhancers if any (e.g., [15, 16] but see [17] ). This issue has yet been only scarcely investigated. This is relevant in light of the health risks potentially associated with the reliance upon CE (e.g., [18] ).
Substance characteristics
Researchers investigated whether the ethical judgement of students towards CE is affected by characteristics of fictitious cognitive enhancers-risks to health and legal status [19] using the vignette method (see [20] ). Our study extends the research carried out by [19] by (a) using participants' assessments of existing substances, rather than relying on the vignette method. The vignette and survey methods complement each other. While the vignette method allows for experimental control, it lacks ecological validity (the validity of the application of the finding of a study in the real world). The survey method allows the investigator to study participants' view of existing, rather than hypothetical, cognitive enhancers. As such, the survey method has a higher ecological validity. Indeed, although some studies found convergent findings using vignette the method and real-world assessments (e.g., [21] ), doubts have been raised regarding the ecological validity of the vignette method; (b) investigating each characteristic's unique contribution (above and beyond that of others) to variance in ethical judgement; (c) including working adults in our sample; and (d) examining additional characteristics of cognitive enhancers, selected from the literature.
The additional characteristics that we assessed are participants' familiarity with the effects of target cognitive enhancers and participants' perception of the effectiveness of target cognitive enhancers. Other characteristics mentioned in the literature focusing on general concerns about CE (e.g., risk of coercion, fairness, and social equality) were not examined because we did not expect them to bear differently on ethical judgement towards the use of individual substances, which is the focus of this study.
Hypotheses
Below, we briefly examine why each characteristic should be related to ethical judgement and present our hypotheses.
Familiarity. Humans might be hardwired to perform more favourable judgements of targets with increased familiarity [22] [23] [24] . Such preference might be generalized, as shown by the diversity of types of targets for which it has been demonstrated (e.g., [25] [26] [27] [28] [29] . In the specific case of CE, familiarity was indeed found to be a predictor of favourable ethical judgement [30] .
Hypothesis 1: Familiarity with a given cognitive enhancer is positively associated with ethical judgment towards the use of that cognitive enhancer.
Effectiveness versus risk.
Our hypotheses concerning the favourable ethical judgement of effective cognitive enhancers and the unfavourable ethical judgement of cognitive enhancers assessed as entailing health risks draw on utilitarianism. Utilitarianism posits that behaviour is to be judged by its consequences: the attainment of valued states or goals and the minimization of suffering [31] . Utilitarianism prescribes the manner in which decisions are to be made and judged. Theories of actual decision-making often draw on utilitarianism. For instance, Bernoulli's theory of moral utility-and its development, expected utility theory-posit that individuals decide to perform behaviour that increases utility (the good consequences) and decreases disutility (the bad consequences) [32] . Similar propositions are made in rational choice theory (people weigh in expected utility and social pressure to determine preference [33] ) and prospect theory (under uncertainty, losses outweigh gains [34] ). The association of perceived effectiveness (utility) and behavioural preferences has been found to be robust in a variety of domains (e.g., [35, 36] ). [12] argues that a cultural focus on results is related to an utilitarian perspective that makes the use of CE appealing. Indeed, the effectiveness of cognitive enhancers is a predictor of their intended use [37] . Favourable ethical judgement might underlie such increased use, as people act upon their normative attitudes.
Similarly, behaviour perceived as risky is generally considered undesirable, notably because it elicits negative emotions (e.g., anxiety) and negative utility appraisals [38] . Indeed, negative emotions lead to unfavourable ethical judgement [39] . The same is true for behaviour perceived as unhealthy. On the contrary, behaviour perceived as healthy leads to favourable ethical judgement (e.g., [40] [41] [42] ).
Hypothesis 2: Perceived effectiveness of the cognitive enhancer is positively associated with ethical judgment.
Hypothesis 3: Perceived health risk of the cognitive enhancer is negatively associated with ethical judgment.
Legality. With obvious exceptions, people have internalized, through socialization, general conventional values that include a moral obligation for all to obey the law ( [13, 43] ). While some scholars have claimed that the law intrinsically creates the moral duty for citizen to follow its rules (e.g., [44, 45] ), others have shown that people notably rely on the law and on its enforcement as an indicator of the values of their community, adjust their ethical judgement of behavior on this basis and in their majority act accordingly [46] [47] [48] [49] [50] .
Hypothesis 4: Perception of legality of the cognitive enhancer is positively associated with ethical judgment.
Method

Participants and procedure
Participants took part in an online survey. They were recruited on the campus of a Swiss university and on the social media. Participant recruitment was performed through two major means: Some participants were recruited through e-mails (convenience sampling), which included a short description of the study, a link to the survey, and a request to forward the email to their contacts. Other participants were recruited through posts on social media, which displayed the same content as the e-mails (linkedin, facebook)." Among the 197 participants who took part in the study, 148 (68% women; 33% students, 57% employees, 10% other), who answered all items relating to at least one cognitive enhancer, were included in our analyses. The average age of the participants was 30.46 years old (SD = 11.06; 13 missing values). The participants were asked to assess 15 individual cognitive enhancers on several characteristics. Examples of cognitive enhancers include: Adderall, Amphetamines, Caffeine (e.g., coffee, tea), Methylphenidate (e.g., Ritalin), Tyrosine. The full list is presented in the Appendix. The cognitive enhancers were selected on the basis of their recurrence in the literature, specialized blogs and internet forums; and, for over-the-counter supplements, availability to the Swiss population.
This study was performed in compliance with the Declaration of Helsinki and the guidelines of the Swiss Psychological Society. Participation was voluntary and no compensation was offered for participating. An informed consent page was included on the first page of the questionnaire. Only participants who gave their informed consent were able to take part in the study. On the informed consent page, participants were informed that the aim of the study was to understand how cognitive enhancement was viewed by the public, that the answers they provided would be treated confidentially and that they could interrupt their participation at any time. For the above mentioned reasons, and because the study entailed no foreseeable risks for participants, in was not deemed necessary to seek approval by an ethics committee.
Measures
Participants first provided socio-demographic information (e.g., gender, age, occupation). After reading a definition of CE, participants completed, for each cognitive enhancer, several single-item measures we designed. We note that single items assessing general constructs have comparable test-retest reliability to multi-item scales and comparable predictive validity, are economical in terms of participant time and burden, and have therefore been recommended by some authors (e.g., [51] [52] [53] ). Our predictors were measured for each cognitive enhancer as follows:
Familiarity. Familiarity with the cognitive enhancers was assessed with the item "Please indicate your degree of familiarity with the following substances", scored on a 4 points Perceived effectiveness. Perceived effectiveness for CE was measured with the item "Do you think these substances are effective to increase performance?" rated on a Likert scale (from 1 = Not at all effective to 6 = Absolutely effective). The response "I don't know" was also available.
Health risk. Health risk was assessed with the item "Do you think the use of these substances to increase performance entails risks for the health of the users?" (rated from 1 = Not at all risky to 6 = Extremely risky). The response "I don't know" was also available.
Perception of legality. Legal status was assessed by asking participants to classify each cognitive enhancer in one of 3 categories: "Illegal", "Legal, with a medical prescription", "Legal, sold over-the-counter". The category "Illegal" was the reference category in our analyses.
Ethical judgement. The criterion variable, ethical judgment was measured for each cognitive enhancer using the following item: "Do you think the use of these substances to increase performance is ethical (i.e., in accordance with the values of our society)?" (scored from 1 = Not at all ethical to 6 = Absolutely ethical). The response "I don't know" was also available.
Data preparation. We restructured the dataset from variables to cases. In other words, each of the 15 cognitive enhancers for each of the participants became one row of data. From these observations, we discarded those that were incomplete (listwise deletion), i.e., observations featuring one or more "I don't know" answers, or no answers because they could not be included in the analyses. The remaining number of observations was 850, assessed by a total of 148 participants (each assessing on average 5.74 cognitive enhancers, SD = 2.27). Most participants were able to fully assess only cognitive enhancers of which they knew the effects (the last two modalities of variable 'familiarity' represent 91% of the 850 included observations).
Results
Zero-order correlations between the perceived characteristics of the cognitive enhancers are provided in Table 1 . Ethical judgement correlated significantly with all other studied variables: positively with familiarity, effectiveness and negatively with health risk (strongest correlation with ethical judgement: r = .46). The cognitive enhancers that were perceived to be legal received a more favourable ethical judgement than those that were not, and were considered less risky. Finally, effectiveness correlated negatively with health risk.
Data were analysed using random intercepts mixed-model regression in R using package lme4 (random intercepts; maximum likelihood estimation [54] ). This allows accounting for the nesting of observations within both participants and cognitive enhancers which were modeled as crossed factors. Interval variables were group-centred around their mean (by cognitive enhancer [55] ). Doing so allowed us to estimate the impact of our predictors on the assessments of individual cognitive enhancers while excluding variation between cognitive enhancers and participants. In the null model (Model 1, Table 2 ), 21% of variance lies at the level of participants (ICC Participant in the Null model) and 37% of variance lies at the level of cognitive enhancers (ICC CE in the Null model).
As can be seen in Table 2 , after the inclusion of predictors (Model 2), 22% of residual variance lied at the level of participants (ICC Participant in the Model 2) and 31% of residual variance at the level of cognitive enhancers (ICC CE in the Model 2). The likelihood ratio test (LRT) was significant, indicating Model 2 fitted the data better than Model 1. The results confirmed all hypotheses: Familiarity with the effects of the cognitive enhancer (H1, B = 0.27; p = .002), and its perceived effectiveness for CE (H2, B = 0.12; p = .001) were positively related to positive ethical judgement. The perceived health risk of the cognitive enhancer for the user was negatively related to ethical judgement (H3, B = -0.36; p < .001). Finally, substances were more favourably assessed in terms of ethical judgement when they were perceived to be legal, compared to those perceived as being illegal (H4). This effect was stronger for substances perceived as being legal for sale over-the-counter (B = 1.02; p < .001) compared to those perceived as being legal with a medical prescription (B = 0.47; p = .041).
Discussion
In the present study, we examined whether and how ethical judgement regarding the use of cognitive enhancers was related to the perception of four characteristics of cognitive enhancers. In line with our hypotheses, cognitive enhancers received a more favourable ethical judgment when they were perceived as more familiar, more effective, less risky for users' health, and legal (more so if perceived as sold over-the-counter). [19] found similar results for health risk, but did not find a significant association with legal status, which may reflect the lower ecological validity of the vignette method. Our findings suggest that increasing familiarity (in terms of knowledge) with specific cognitive enhancers (e.g., through portrayal in the media) may render ethical judgments towards their use more positive (H1), particularly if the emphasis is put on their alleged effectiveness (H2) and legality (H4) rather than on their risks for health (H3). Furthermore, higher familiarity does not appear to result in increased perceived health risks (see Table 1 ). Results show that 21% of the variancein ethical judgement is due to differences in participants' average assessment of the criterion variable (ICC Participant in the Null model). These results suggest that inter-individual differences partly explain such a variation.
It has been previously suggested that public opinion should be taken into account in designing CE-related policies because it has reached a sufficient degree of maturity on the topic [56] . Individuals who feel they know more about specific cognitive enhancers might more readily contribute to such a debate [57] . Our findings showed that higher perceived knowledge of the effects of cognitive enhancers is associated with a favourable opinion towards cognitive enhancers. Our secondary findings further suggest that such perceived knowledge is related to a reduced perception of the health risks associated with CE. It follows that public participation in policy making might lead to a distortion of the rationality of the decisions because of an overrepresentation of individuals who perceive fewer health risks attached to CE and are more favourable to CE. Substance characteristics and ethical judgement towards cognitive enhancement
The finding that more perceived knowledge is related to lower perceived health risk also suggests that when discussing CE, public health campaigns, and ideally the press, should focus first and foremost on health risks in order to maximize prevention [19, 58] . Providing information about CE might be counterproductive without an explicit focus on health risks: health literacy is a major component of public health [59] ). Yet, the presentation of facts about CE in the media is generally selective and inaccurate, since there is an over-reporting of alleged increases in CE use, a mention of unrealistic benefits of CE, and an under-reporting of health risks [4] . This might indirectly result in an increased adoption of CE, as (a) individuals adapt their conduct to their altered perception of the social norm (pluralistic ignorance [60] ) and (b) the ratio of expected costs and benefits is at the heart of their decisional processes [61] .
Limitations and further studies
The use of surveys assessing perceptions of cognitive enhancers that actually exist can promote ecological validity in comparison to the vignette method, but can render studies vulnerable to a variety of response biases (e.g., social desirability bias), as well as to common method variance bias [62] . Thus, although [63] has shown that concerns regarding common method variance bias have been overstated, caution in the interpretation of findings remains important when using self-report measures. We note that our study might be less subject to common method variance bias because of the use of mixed-model analyses which allow partialling out participant variance [55] . Our study employed a cross-sectional design, which limits the possibility of drawing causal inferences. Using a longitudinal design, further studies could examine whether the use of specific cognitive enhancers [64] predicts additional variance in their ethical judgement towards their use, and whether perception of health risk, effectiveness, legality and knowledge about specific cognitive enhancers predict their use.
Conclusion
Our study suggests that individual perceived characteristics of cognitive enhancers influence people's ethical judgement towards CE. These findings extend the incipient knowledge about the factors relating to favourable views of CE. Well-designed prevention campaign should focus on presenting the health and penal risks of cognitive enhancers, as well as the lack of evidence regarding their effectiveness. 
